In this work, the well accepted particle splitting technique has been adapted to proton therapy and implemented in a new Geant4-based Monte Carlo simulation tool [1] for modeling the gantry mounted treatment nozzles at the Francis H Burr Proton Therapy Center (FHBPTC) at Massachusetts General Hospital (MGH). Five treatment field prescriptions were simulated. All correspond at different ranges, radius and modulations options from the MGH set up. Two splitting planes were implemented in the cylindrically symmetric region of the treatment nozzle: one immediately downstream of the second ionization chamber the other immediately upstream of the aperture. Each proton is split 4 times per plane and the new positions and momenta are equally redistributed at locations around the z-axis, with the weight adjusted by a factor of 1/4. The computational efficiency is defined as the inverse of the variance of a quantity of interest (kinetic energy, dose, fluence) multiplied by the simulation time. For this study, the kinetic energy of protons at the phase space plane was considered. The phase space is stored in IAEA format immediately downstream of the aperture. The tracks of the protons are stopped at this point for timing comparisons only. To further save time, all particles different than protons were killed at the treatment nozzle region (2).
Patient simulations:
Depth dose curves were generated using the phase space data as the source incident on a water phantom of 28x28x38.9 cm 3 divided into 140x140x195 or 390 voxels. In addition, deposited dose in a patient based on patient CT data was simulated. The time per CPU for the generation of phase spaces was, on average, 602 min per field when simulating without our new splitting technique but only 44 min for the simulation with variance reduction technique switched on. 747-64 (2002) 
